We present results from an experimental investigation of the interaction between a shelf break jet and a submarine canyon and of the response of this system to a single upwelling favorable wind event. The field site was Carson Canyon, located at the edge of the Grand Bank of Newfoundland. The shelf break jet is the Labrador Current. The time-averaged current measurements indicate that the interaction between the Labrador Current and the canyon topography is nonlinear and that the mean current crosses isobaths to flow into the canyon on the upstream side but is steered off shelf on the downstream side. The mean flow vorticity balance in the near field and far field is examined, using a two-layer model with the lower layer at rest. In the far field we obtain an interesting result which suggests that the cross-stream shear in combination with bottom friction can drive a significant on-shelf flow. This flow is equivalent to a volume transport of about 60 m 3 s -• per 100 m of along-shelf distance, which is comparable to typical wind-driven Ekman transports on and off continental shelves and which appears to have important implications for the on-off-shelf transport of icebergs in the Grand Banks region. In the near field the Rossby number is of order unity and bottom friction is less important. Many of the observed flow properties can be explained qualitatively in terms of an upstream inertial boundary layer and potential vorticity conservation. The time-dependent response to upwelling favorable winds was registered by current meters in the canyon and at the shelf break at the canyon perimeter. These observations indicate an amplified upwelling response at the shelf break and vertical ascent rates within the canyon of about 0.7 cm s-•
All instruments registered a marked increase in temperature shortly after midday on June 9. At the downstream meter, for which the effect was most pronounced, the mean temperature increased from near -IøC to almost 2øC in less than a day and then gradually returned to the previous values over the next 5 days. A similar response (i.e., an abrupt temperature increase followed by persistently higher temperatures for a 6-day period) is present in the records from each of the central axis and upstream instruments (Figures 6b and 6c) . Because increased salinities were also registered by each instrument during the event [Kinsella, 1984] , the observed warm water could not have had a shallow-water origin.
The maximum change in average temperature at the central axis meter is significantly less than that at either of the meters near the shelf break. It is also noteworthy that prior to the event the highest mean temperatures were registered by the central axis instrument (Figure 6b ), the mean temperatures at the other two instruments being about 0.7øC lower. This pattern is consistent with the temperature field in 1980 (Figure 2 ) at the depths of these instruments. During the event, however, the pattern is different: on June 10, for instance, the highest mean temperatures registered near the shelf break by the downstream and upstream meters were higher or about the same, respectively, as that at the central axis mooring.
Vertical ascent rates of isohalines during the initial period of rapid temperature and salinity change were computed at the central axis mooring from the current meter record and a CTD profile taken prior to the event on June 6 at the central axis mooring location. The ascent rate for the 33.99 isohaline was 0.7 cm s-x: from 229 m to 168 m in 2.5 hours [Kinsella, 1984] . This rate of ascent is comparable to or larger than the maximum vertical velocities measured by Shaffer [1976] More precise determination of the time of the event's onset is necessary before proceeding. This is best defined in terms of changes in the velocity field, which must result initially from the barotropic response and therefore occur earlier than changes in density. pared to that at the shelf break instruments: this diminished but significant response is expected at this mooring, since it was located about 5 km (less than a') from the shelf break.
In the case of upwelling along an infinite coastline driven by an impulsively started uniform wind stress, the e-folding time of the initial adjustment to steady on-offshore motion is O(1/f), which is the time required for an interfacial wave to travel a distance equal to a' (see, for example, Gill [1982] , pp. result. However, since the CTD data were collected over a 5-day period at irregular intervals, the effects of tidal aliasing are not thought to be severe. The second caveat is that ageostrophic effects associated with the canyon topography appear to be important, as discussed later, so that interpretation of the dynamic height contours in Figure 12 as streamlines is not strictly valid. It should be mentioned that these same caveats also apply to In particular, an upwelling event of 6-day duration was observed. This event was characterized initially by abrupt temperature and salinity increases near the shelf break at the canyon perimeter and at shelf break depth over the canyon axis and occurred up to 1.5 days after the arrival of a storm in the region. Reversal or near-reversal of the mean flow was observed during this initial 1.5-day period. Reversal occurred later and was more prolonged over the canyon axis than at the shelf break instruments. Geostrophic velocity profiles indicate that reversal was confined to a zone of the order of 100 m thick spanning shelf break depth, and in the overlying water it was accompanied by a reduction in the local speed of the Labrador Current. It is argued that the reversal in the nearbottom zone at the shelf break is the result of a barotropic response directed opposite to the Labrador Current and induced by the upwelling favorable wind. The time scale associated with the canyon topography is estimated to be about 12 hours, suggesting that local effects are important in determining the nature of the response during the initial part of the event (i.e., at times less than about a day after onset). The duration of the event (6 days) is such, however, that friction and nonlocally generated disturbances, probably propagating from the upstream direction, undoubtedly become important.
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The mean flow is characterized by approximate alongisobath flow in the far field upstream and downstream of the canyon. In the near field the flow is cross isobath and into the canyon on the upstream side, cross canyon at the canyon axis, and out of the canyon and somewhat shelfward of the along- 
